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DESCRIPTION 

BURNER FOR TREATING WASTE GAS 



Technical Field 

5 The present invention relates to a waste gas treating burner for use in a 

combustion-type waste gas treatment system for combusting harmful waste gases such as 
a deposition gas containing SiH* and a halogen-base gas (CHF 4 , C 2 F 6 , CF 4 , etc.), which 
are emitted from semiconductor manufacturing system. 

10 Background Art 

Semiconductor manufacturing system emits harmful waste gases such as a 
deposition gas containing S1H4 and a halogen-base gas (CHF 4 , C 2 F 6 , CF 4 , etc.), which 
should not be discharged directly into the atmosphere. It is therefore the general practice 
in the art to introduce such harmful waste gases into an abatement system where the waste 

15 gas is detoxified by way of combustion. According to the general waste gas treatment 
system, an auxiliary combustible gas is used to produce flames in a furnace for thereby 
combusting the waste gases. 

In the combustion-type waste gas treatment system, the auxiliary combustible gas 
is usually in the form of a combination of a fuel gas such as hydrogen, a town gas, LPG, 

20 etc. and an oxidizing agent such as oxygen or air. Most of the operating cost of the 
combustion-type waste gas treatment system constitutes expenses required by the 
consumption of the fuel gas and the oxidizing agent. One of the indicators of the 
performance of combustion-type waste gas treatment system is how much harmful waste 
gases can be destroyed with a high efficiency with a small amount of auxiliary 

25 combustible gas. It is known in the art that when the deposition gas containing SiHU is 
thermally destroyed, a powder of Si0 2 is generated which tends to be deposited in the 
combustion chamber and cause various troubles to the combustion chamber. 
Consequently, a design approach to make the combustion chamber resistant to the 
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deposition therein of a powder of Si0 2 is also an important element in evaluating the 
combustion-type waste gas treatment system. 

One general burner for use in conventional combustion-type waste gas treatment 
system is shown in FIGS. 28 and 29 of the accompanying drawings. As shown in FIGS. 
5 28 and 29, the burner has a waste gas nozzle 2 defined centrally in the ceiling of a 
cylindrical combustion chamber 1, for introducing a waste gas A to be treated into the 
combustion chamber 1, and a plurality of auxiliary combustible gas nozzles 3 defined in 
the ceiling of the cylindrical combustion chamber 1 around the waste gas nozzle 2, for 
introducing an auxiliary combustible gas B into the combustion chamber 1, with a 

10 combustion gas outlet 4 integrally joined to the lower end of the combustion chamber 1. 
The auxiliary combustible gas B ejected from the auxiliary combustible gas nozzles 3 
produces flames in a circular pattern. While the waste gas A passes centrally through the 
circular pattern of flames, the waste gas A is mixed with and combusted by the flames, 
emitting a combustion exhaust gas which is discharged out of the combustion chamber 1 

1 5 through the combustion gas outlet 4. 

With the conventional burner, however, since the flames produced by the 
auxiliary combustible gas are formed in front of the auxiliary combustible gas nozzles, the 
waste gas discharged forward from the waste gas nozzle which is positioned inwardly of 
the auxiliary combustible gas nozzles is not necessarily sufficiently mixed with the 

20 flames, and hence the efficiency of destruction of the waste gas is not sufficiently high. In 
order to increase the efficiency of destruction, it is necessary to increase the amount of 
auxiliary combustible gas to produce large flames, which allow the waste gas to be easily 
combusted and destroyed. However, the amount of auxiliary combustible gas, which does 
not contribute to the destruction of the waste gas is also increased, resulting in an increase 

25 in the operating cost of the combustion-type waste gas treatment system. 

When a SiFLi gas is destroyed by way of oxidization, a produced powder of Si0 2 
is attached to and deposited on wall surfaces where the exhaust gas flows slowly. If the 
concentration of SiH* in the waste gas is high, then the powder of Si0 2 is produced and 
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deposited in an increased quantity on the wall surfaces. In worst cases, an auxiliay 
combustible gas may not be continuously combusted, and it may be necessary to shut off 
the combustion-type waste gas treatment system for removal of the deposited powder. 

5 Disclosure of the Invention 

The present invention has been made in view of the above difficulties. It is an 
object of the present invention to provide a burner for use in a combustion-type waste gas 
treatment system which is capable of destructing waste gases, particularly, a deposition 
gas containing Sift* and a halogen-base gas, from a semiconductor fabrication facility 

10 simultaneously at a high efficiency of destruction, making it difficult for a powder of Si0 2 
to be attached and deposited, performing a low-NOx combustion, and maintaining a 
desired level of safety. 

According to the present invention, there is provided a burner for treating a waste 
gas, characterized in that a flame stabilizing zone is open toward a combustion chamber, 

15 surrounded by a peripheral wall, and closed by a plate remotely from the combustion 
chamber, and a waste gas, an auxiliary combustible agent, and air are introduced into and 
mixed with each other in the flame stabilizing zone, and the mixed gases are ejected 
toward the combustion chamber perpendicularly to the plate. Preferably, the plate has, 
defined therein, a waste gas flame hole for ejecting the waste gas toward the flame 

20 stabilizing zone and an auxiliary combustible gas flame hole for ejecting the auxiliary 
combustible gas, and the peripheral wall of the flame stabilizing zone has an air ejection 
nozzle arranged to eject the air substantially circumferentially to produce a swirling flow. 

The waste gas including a deposition gas and a halogen-base gas, the auxiliary 
combustible agent, and the air are introduced into the flame stabilizing zone, which is 

25 open toward the combustion chamber, and sufficiently mixed with each other. The mixed 
gases remain sufficiently mixed without being dispersed, and are ejected toward the 
combustion chamber perpendicularly to the plate. Combustion flames produced in the 
combustion chamber become elongate flames, expanding a high-temperature region 
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downstream to increase the period of time in which the waste gas remains in the high- 
temperature region. Therefore, the waste gas is well combusted with a high efficiency of 
destruction, and a powder of Si0 2 , which is produced, is efficiently discharged by a flow 
of combustion gas. 

5 The air ejected substantially circumferentially from the peripheral wall produces 

a strong swirling flow. The swirling flow has a vortex center of the swirling air and a free 
vortex region around the vortex center. Since the flame holes for the waste gas and the 
auxiliary combustible gas are defined in the plate, the waste gas and the auxiliary 
combustible gas which are ejected from the flame holes are introduced into the free vortex 

10 region and engulfed by the swirling air flow. The waste gas and the auxiliary combustible 
gas, which are ejected from the flame holes, are sheared due to changes in the speed of the 
swirling air flow by the free vortex region of the swirling air flow, and sufficiently mixed 
with the air, and the mixture of the waste gas, the auxiliary combustible gas, and the air 
produces swirling flames. Because the auxiliary combustible gas and the air are 

15 combusted after being mixed in the swirling air flow, they produce pre-mixed flames to 
achieve a low-NOx combustion. Since the auxiliary combustible agent and the air are 
mixed in the flame stabilizing zone, the auxiliary combustible agent is not ignited in the 
gas chamber, making the burner highly safe, even when the peripheral wall of the flame 
stabilizing zone is heated by the flames. 

20 Preferably, a second auxiliary combustible gas flame hole for ejecting the 

auxiliary combustible gas is defined in the peripheral wall of the flame stabilizing zone 
downstream of the air ejection nozzle in an axial direction of the flame stabilizing zone. 

Flames produced by the auxiliary combustible gas are positioned downstream of 
the second auxiliary combustible gas flame hole, and are combined flames from the 

25 primary combustion, producing elongate flames. The elongate flames expand a high- 
temperature region downstream to increase the period of time in which the waste gas 
remains in the high-temperature region. By thus expanding the flame-induced high- 
temperature region downstream, the halogen-base waste gas in particular can fully be 
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destroyed. 

The air ejection nozzle preferably comprises air ejection nozzles in a plurality of 
groups divided along the axial direction of the flame stabilizing zone. 

When the air is divided in a plurality of groups and supplied to the flame 
5 stabilizing zone, the amount of air ejected from each of the groups is small. At the inlet 
of the flame stabilizing zone, the amount of air required to combust the auxiliary 
combustible gas is insufficient, producing fuel-rich flames, suppressing the generation of 
NOx. At the outlet of the flame stabilizing zone, a sufficient amount of air is supplied to 
produce fuel-lean flames, causing a low-NOx combustion. Flames produced by the air 
10 ejected from the air ejection nozzles in the plural groups become elongate flames. The 
elongate flames expand a high-temperature region downstream to increase the period of 
time in which the waste gas remains in the high-temperature region, thus fully destructing 
the halogen-base waste gas in particular. 

The flame stabilizing zone preferably is of a cylindrical shape. If an air ejection 
15 nozzle for ejecting air substantially circumferentially is combined with the flame 
stabilizing zone, then a swirling air flow can easily be produced in the flame stabilizing 
zone. 

In a burner according to a second aspect of the present invention, a second flame 
stabilizing zone is disposed downstream in the axial direction of the flame stabilizing 

20 zone, and has, defined in a peripheral wall thereof, a second auxiliary combustible gas 
flame hole for ejecting a second auxiliary combustible gas, and a combustion chamber is 
disposed downstream of the second auxiliary combustible gas flame hole in an axial 
direction of the second flame stabilizing zone. 

With the above arrangement, primary pre-mixed fuel-lean flames are produced 

25 downstream of the flame stabilizing zone, and then the auxiliary combustible gas is 
ejected from the second flame stabilizing zone to produce secondary high-temperature 
low-oxygen flames downstream thereof. Therefore, a deposition gas containing SiHU and 
a halogen-base gas can simultaneously be destroyed with a high efficiency, and a powder 
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of Si0 2 , which is produced, can efficiently be discharged by a flow of combustion gas. 
Consequently, the powder of Si0 2 is prevented from being deposited in the combustion 
chamber. 

5 Brief Description of Drawings 

FIG. 1 is a longitudinal cross-sectional view showing a first embodiment of the 
present invention; 

FIG. 2 is a cross-sectional view taken along line I - 1 of FIG. 1 ; 

FIG. 3 is a longitudinal cross-sectional view showing a modification of the first 
1 0 embodiment of the present invention; 

FIG. 4 is a cross-sectional view taken along line II - II of FIG. 3; 

FIG. 5 is a longitudinal cross-sectional view showing another modification of the 
first embodiment of the present invention; 

FIG. 6 is a cross-sectional view taken along line HI - HI of FIG, 5; 
15 FIG. 7 is a longitudinal cross-sectional view showing a second embodiment of 

the present invention; 

FIG. 8 is a cross-sectional view taken along line I - 1 of FIG. 7; 

FIG. 9 is a cross-sectional view taken along line II - II of FIG. 7; 

FIG. 10 is a longitudinal cross-sectional view showing a modification of the 
20 second embodiment of the present invention; 

FIG. 1 1 is a cross-sectional view taken along line HI - III of FIG. 10; 

FIG. 12 is a cross-sectional view taken along line IV - IV of FIG. 10; 

FIG. 13 is a longitudinal cross-sectional view showing another modification of 
the second embodiment of the present invention; 
25 FIG. 14 is a cross-sectional view taken along line V - V of FIG. 13; 

FIG. 15 is a cross-sectional view taken along line VI - VI of FIG. 14; 

FIG. 16 is a longitudinal cross-sectional view showing a third embodiment of the 
present invention; 
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FIG. 17 is a cross-sectional view taken along line I - 1 of FIG. 16; 

FIG. 18 is a cross-sectional view taken along line II - II of FIG. 16; 

FIG. 19 is a longitudinal cross-sectional view showing a fourth embodiment of 
the present invention; 
5 FIG. 20 is a cross-sectional view taken along line III - HI of FIG. 19; 

FIG. 21 is a cross-sectional view taken along line IV - IV of FIG. 19; 

FIG. 22 is a longitudinal cross-sectional view showing a fifth embodiment of the 
present invention; 

FIG. 23 is a longitudinal cross-sectional view showing a sixth embodiment of the 
10 present invention; 

FIG. 24 is a longitudinal cross-sectional view showing a seventh embodiment of 
the present invention; 

FIG. 25 is a longitudinal cross-sectional view showing an eighth embodiment of 
the present invention; 

15 FIG. 26 is a longitudinal cross-sectional view showing a ninth embodiment of the 

present invention; 

FIG. 27 is a longitudinal cross-sectional view showing a tenth embodiment of the 
present invention; 

FIG. 28 is a longitudinal cross-sectional view showing a conventional example; 

20 and 

FIG. 29 is a cross-sectional view taken along line VII - VB of FIG. 28. 

Best Mode for Carrying Out the Invention 

A first aspect of the present invention will be described below with reference to 
25 FIGS. 1 through 6. 

FIGS. 1 and 2 show a first embodiment of the present invention. A combustion 
chamber 11 is surrounded by a furnace wall 10. The combustion chamber 11 is 
confronted to a flame stabilizing zone 15, which is surrounded by a peripheral wall 13 
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defined by an inner peripheral surface of a cylindrical body 12 and closed by a plate 14. 
The cylindrical body 12 is integrally formed with the plate 14. 

In the plate 14, there are defined a plurality of (four as shown) waste gas 
chambers 20 for holding and guiding a waste gas A to be treated which is mainly 
5 composed of nitrogen and contains a halogen-base gas emitted from a semiconductor 
fabrication facility, for example, and a plurality of (four as shown) auxiliary combustible 
gas chambers 21 for holding and guiding an auxiliary combustible gas B which is a fuel 
gas such as hydrogen, a town gas, LPG, etc. An air chamber 22 for holding and guiding 
air C is defined in the cylindrical body 12, which extends from the plate 14. 

10 The plate 14 has, defined in a lower surface thereof, a plurality of waste gas 

flame holes 23 extending from the waste gas chambers 20 and opening toward the flame 
stabilizing zone 15, and a plurality of auxiliary combustible gas flame holes 24 providing 
communication between the auxiliary combustible gas chambers 21 and the flame 
stabilizing zone 15. The waste gas flame holes 23 and the auxiliary combustible gas 

15 flame holes 24 are arranged in a doughnut-shaped pattern. The doughnut-shaped pattern 
means that the auxiliary combustible gas flame holes 24 are disposed adjacent to the 
waste gas flame holes 23 in a substantially circumferential pattern substantially around the 
center of the plate 14 that defines the flame stabilizing zone. In the present embodiment, 
the waste gas flame holes 23 and the auxiliary combustible gas flame holes 24 are 

20 positioned alternately with each other on an annular shape. The annular shape is in same 
position with a free vortex region of a swirling air flow, in which a high speed region of 
the swirling air flow is formed, as described later on. The inner peripheral wall 13 of the 
cylindrical body 12 has a plurality of air ejection nozzles 25 providing communication 
between the air chamber 22 and the flame stabilizing zone 15. The air ejection nozzles 25 

25 extend substantially tangentially to the circumferential surface of the flame stabilizing 
zone 15 for producing and ejecting a swirling flow of air C substantially circumferentially 
toward the flame stabilizing zone 15 (see FIG. 2). 

The cylindrical body 12 also has a conical surface 12a extending conically from 
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the peripheral wall 13 and joined to a side surface of the combustion chamber 11, partly 
making up the combustion chamber 11. A combustion gas outlet 30 is integrally joined to 
the lower end of the combustion chamber 11. 

Operation of the present embodiment will be described below. 
5 The air C is guided into and held by the air chamber 22, and ejected substantially 

circumferentially as a strong swirling flow from the air ejection nozzles 25 defined in the 
inner circumferential surface of the cylindrical body 12 into the flame stabilizing zone 15. 
The waste gas A is guided into and held by the waste gas chambers 20, and ejected from 
the waste gas flame holes 23 defined in the lower surface of the plate 14 into the flame 

10 stabilizing zone 15. The auxiliary combustible gas B is guided into and held by the 
auxiliary combustible gas chambers 21, and ejected from the auxiliary combustible gas 
flame holes 24 defined in the lower surface of the plate 14 into the flame stabilizing zone 
15. After having been ejected from the flame holes, the auxiliary combustible gas B is 
immediately combined with the waste gas A ejected from the adjacent holes, and then 

15 mixed with the swirling air flow. When ignited by an ignition source, not shown, the 
mixed gases produce swirling flames along the inner circumferential surface of the 
cylindrical body 12. 

The air ejected substantially circumferentially from the peripheral wall produces 
a strong swirling flow. The swirling flow has a vortex center therein swirling together 

20 with the swirling flow and a doughnut-shape free vortex region around the vortex center 
with the flow speed being lower toward the outer edge of the doughnut-shape free vortex 
zone. Since the flame holes for the waste gas A and the auxiliary combustible gas B are 
defined in the lower surface of the plate 14 in an annular shape in same position with a 
free vortex region, the waste gas A and the auxiliary combustible gas B are ejected into 

25 the free vortex region and engulfed by the swirling air flow. These gases are sheared due 
to changes in the speed of the swirling air flow, and sufficiently mixed with the air C. 
The mixture of the waste gas A, the auxiliary combustible gas B, and the air C produces 
swirling flames. Because the mixture produces flames after the waste gas A is 
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sufficiently mixed in its entirety with the auxiliary combustible gas B and the air C, the 
waste gas A is fully exposed to the flames and progressively destroyed by way of 
combustion with a high efficiency of destruction. 

Although the auxiliary combustible gas B and the air C are separately blown into 
5 the flame stabilizing zone 15, since the waste gas A is combusted after it is mixed with 
the auxiliary combustible gas A and the air C, pre-mixed flames are produced to achieve a 
low-NOx combustion. Pre-mixed flames are produced only when a fuel gas is sufficiently 
mixed with air prior to combustion, and can be achieved when the fuel gas is ejected from 
positions on the doughnut-shape pattern on the plate into the free vortex region where the 

10 swirling air flow has a high speed, as is the case with the present invention. Inasmuch as 
the auxiliary combustible gas B which is the fuel gas and the air C are mixed with each 
other in the flame stabilizing zone, the auxiliary combustible gas B is not ignited in the 
auxiliary combustible gas chambers 21, making the burner highly safe, even if the 
cylindrical body is heated by the flames. 

15 The air ejected from the air ejection nozzles 25 into the combustion chamber 1 1 

cools the cylindrical body 12 as follows: While the swirling flames heat the cylindrical 
body 12, it is necessary to cool the cylindrical body 12 to prevent its temperature from 
exceeding the heat-resistance temperature of the material of the cylindrical body 12 for 
keeping combustion. The air ejected from the air ejection nozzles 25 into the combustion 

20 chamber 1 1 acts to cool the surface of the peripheral wall 13 while mixing with the waste 
gas A and the auxiliary combustible gas B and swirling in the flame stabilizing zone 15. 

FIGS. 3 and 4 show a modification of the first embodiment of the present 
invention. According to this modification, the inside diameter of the cylindrical body 12 
and the inside diameter of the combustion chamber 1 1 in the first embodiment are made 

25 substantially the same as each other. The conical surface 12a, which interconnects the 
peripheral wall 13 of the cylindrical body 12 and the side surface of the combustion 
chamber 11 according to the first embodiment is replaced with a cylindrical surface 12b. 
With this structure, the diameter of the swirling flow remains substantially the same to the 
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outlet, maintaining a good swirling flow from the flame stabilizing zone to the outlet, so 
that any stagnant flow regions are eliminated and the mixing of the waste gas and the 
swirling flames is promoted to increase the efficiency of destruction of the waste gas. 

In this modification, there are two auxiliary combustible gas chambers 21 and 
5 two auxiliary combustible gas flame holes 24, with the auxiliary combustible gas flame 
holes 24 being positioned adjacent to the four waste gas flame holes 23, i.e., between the 
respective pairs of the four waste gas flame holes 23. With this arrangement, the primary 
auxiliary combustible gas B is sufficiently mixed with the waste gas A, which is ejected 
from adjacent positions. 

10 FIGS. 5 and 6 show another modification of the first embodiment of the present 

invention. In this modification, the air chamber 22 defined in the cylindrical body 12 
extends substantially the full length in the axial direction of the peripheral wall 13 of the 
cylindrical body 12. The air ejection nozzles 25 which provide communication between 
the air chamber 22 and the flame stabilizing zone 15 are provided in four at a group in a 

15 circumferential surface. Specifically, the air ejection nozzles 25 are provided in three 
groups including a first group 25a defined in the peripheral wall closely to the plate, a 
second group 25b substantially at the center in the longitudinal direction of the peripheral 
wall, and a third group 25c defined in the peripheral wall at a position facing the 
combustion chamber. A combustion gas outlet 30 is integrally joined to the lower end of 

20 the combustion chamber 11. 

Operation of the present modification will be described below. 
The air ejected from the air chamber 22 into the flame stabilizing zone 15 is 
divided into three groups spaced along the axial direction of the peripheral wall 13. 
Usually, the total amount of supplied air is several or several tens times the amount of 

25 auxiliary combustible gas. When the air is divided into three stages along the axial 
direction and supplied to the flame stabilizing zone, the amount of air ejected from each 
of the groups is smaller than when the air is not divided, promoting the mixing of the air, 
the exhaust gas, and the auxiliary combustible gas to increase the efficiency of 
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destruction. The amount of air ejected from the air ejection nozzles 25a, 25b in the first 
and second groups is not large enough to combust all the fuel gas, producing fuel-rich 
flames in the flame stabilizing zone to suppress the generation of NOx. When air is 
supplied from the third group of air ejection nozzles 25c, the sufficient amount of air is 
5 supplied to the fuel gas, producing fuel-lean flames to perform a low-NOx combustion. 

Flames produced by the air ejected from the third group of air ejection nozzles 
25c occur downstream of the air ejection nozzles 25c. Therefore, the flames become 
elongate frames, expanding the high-temperature region downstream to increase the 
period of time in which the waste gas remains high in temperature. With the flame- 

10 generated high-temperature region being expanded downstream, the halogen waste gas 
can fully be destroyed. The air ejection nozzles in the groups may not necessarily eject all 
air in a maimer to produce a swirling air flow toward the flame stabilizing zone. For 
example, the third group of air ejection nozzles may eject air simply downstream, rather 
than tangentially to the circumferential surface, or may eject air toward the center of the 

15 flame stabilizing zone to cause turbulences with the waste gas and to be mixed with the 
waste gas. 

FIGS. 7, 8, and 9 show a second embodiment of the present invention. A 
combustion chamber 11 surrounded by a furnace wall 10 is confronted by a flame 
stabilizing zone 15, which is surrounded by a peripheral wall 13 defined by an inner 

20 circumferential surface of a cylindrical body 12 and closed by a plate 14. The cylindrical 
body 12 is integrally formed with the plate 14. In the plate 14, there are defined a 
plurality of (four as shown) waste gas chambers 20 for holding and guiding a waste gas A 
to be treated which is mainly composed of nitrogen and contains a halogen-base gas 
emitted from a semiconductor fabrication facility, for example, and a plurality of (four as 

25 shown) first auxiliary combustible gas chambers 21a for holding and guiding a primary 
auxiliary combustible gas Bl which is a fuel gas such as hydrogen, a town gas, LPG, etc. 
An air chamber 22 for holding and guiding air C and a second auxiliary combustible gas 
chamber 21b for holding and guiding a secondary auxiliary combustible gas B2 which is a 
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fuel gas are defined in the cylindrical body 12 which extends from the plate 14. The 
second auxiliary combustible gas chamber; 21b is positioned closer to the combustion 
chamber than the air chamber, i.e., downstream of the air chamber, in the axial direction 
of the flame stabilizing zone. 
5 The plate 14 has, defined in a lower surface thereof, a plurality of waste gas 

flame holes 23 extending from the waste gas chambers 20 and opening toward the flame 
stabilizing zone 15, the waste gas flame holes 23 being smaller in diameter than the flame 
stabilizing zone 15, and a plurality of first auxiliary combustible gas flame holes 24a 
providing communication between the first auxiliary combustible gas chambers 21a and 

10 the flame stabilizing zone 15, the waste gas flame holes 23 and the first auxiliary 
combustible gas flame holes 24a being arranged in a doughnut-shaped pattern. The 
doughnut-shaped pattern means that the first auxiliary combustible gas flame holes 24a 
are disposed adjacent to the waste gas flame holes 23 in a substantially annular shape 
substantially around the center of the plate that defines the flame stabilizing zone. In the 

15 present embodiment, the waste gas flame holes 23 and the first auxiliary combustible gas 
flame holes 24a are positioned alternately with each other, and the annular shape is in 
same position with a free vortex region where a swirling air flow has a high speed, as 
described later on. 

The inner peripheral wall 13 of the cylindrical body 12 has a plurality of air 
20 ejection nozzles 25 providing communication between the air chamber 22 and the flame 
stabilizing zone 15, and a plurality of second auxiliary combustible gas flame holes 24b 
positioned closer to the downstream combustion chamber than the air ejection nozzles 25 
in the axial direction of the flame stabilizing zone. The air ejection nozzles 25 extend 
substantially tangentially to the circumferential surface of the flame stabilizing zone 15 
25 for producing and ejecting a swirling flow of air C substantially circumferentially toward 
the flame stabilizing zone 15. The second auxiliary combustible gas flame holes 24b are 
arranged to eject a secondary auxiliary combustible gas B2 toward the center of the flame 
stabilizing zone 15. 
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Operation of the present embodiment will be described below. 
The air C is guided into and held by the air chamber 22, and ejected substantially 
circumferentially as a strong swirling flow from the air ejection nozzles 25 defined in the 
inner circumferential surface of the cylindrical body 12 into the flame stabilizing zone 15. 
5 The waste gas A is guided into and held by the waste gas chambers 20, and ejected from 
the waste gas flame holes 23 defined in the lower surface of the plate 14 into the flame 
stabilizing zone 15. The primary auxiliary combustible gas Bl is guided into and held by 
the first auxiliary combustible gas chambers 21a, and ejected from the first auxiliary 
combustible gas flame holes 24a defined in the lower surface of the plate 14 into the 

10 flame stabilizing zone 15. The waste gas A and the primary auxiliary combustible gas Bl 
which are ejected are mixed with the swirling air flow. When ignited by an ignition 
source, not shown, the mixed gases produce swirling flames, which are primary flames, 
along the inner circumferential surface of the cylindrical body 12. The flow rate of the 
primary auxiliary combustible gas Bl is smaller than a theoretical equivalent to the flow 

15 rate of the air C, so that the produced primary flames are fuel-lean combustion flames 
characterized by the lean fuel. 

The air ejected substantially circumferentially from the peripheral wall produces 
a strong swirling flow. The swirling flow has a vortex center swirling together with the 
swirling flow and a doughnut-shape free vortex region around the vortex center with the 

20 flow speed being lower toward the outer edge of the doughnut-shape free vortex region. 
Since the flame holes for the waste gas A and the primary auxiliary combustible gas Bl 
are defined in the lower surface of the plate 14 in an annular shape in same position with a 
free vortex region, the waste gas A and the primary auxiliary combustible gas Bl are 
ejected into the free vortex region and engulfed by the swirling air flow. These gases are 

25 sheared due to changes in the speed of the swirling air flow, and sufficiently mixed with 
the air C. The mixture of the waste gas A, the primary auxiliary combustible gas Bl, and 
the air C produces swirling fuel-lean flames and causes a primary combustion. Although 
the primary auxiliary combustible gas Bl and the air C are separately blown into the 



14 



flame stabilizing zone 15, since the waste gas is combusted after it is mixed with the 
primary auxiliary combustible gas and the air, pre-mixed flames are produced. Pre-mixed 
flames are produced only when a fuel gas is sufficiendy mixed with air prior to 
combustion, and can be achieved when the fuel gas is ejected from positions on the 
5 doughnut-shape pattern on the plate into the free vortex region where the swirling air flow 
has a high speed, as is the case with the present invention. Pre-mixed flames cause a low- 
NOx combustion if they are fuel-lean flames. The pre-mixed flames produced in the 
present embodiment are flames where the fuel is lean, they cause a low-NOx combustion. 
Then, the secondary auxiliary combustible gas B2 is ejected from the second 

10 auxiliary combustible gas flame holes 24b into the swirling flames as primary flames at 
the center of the flame stabilizing zone. The secondary auxiliary combustible gas B2 is 
well mixed with the primary flames due to a shearing action of the swirling primary flame 
flow, and oxidized by oxygen remaining in the primary flames, causing a secondary 
combustion. Since the concentration of the oxygen remaining in the primary flames is 

15 much lower than the concentration of oxygen contained in the air, a low-oxygen- 
concentration combustion takes place in the secondary combustion. In the low-oxygen- 
concentration combustion, NOx is produced in a small quantity, causing a low-NOx 
combustion. The flames produced by the secondary combustion are positioned 
downstream of the second auxiliary combustible gas flame holes 24b, and become 

20 elongate frames, expanding the high-temperature region downstream to increase the 
period of time in which the waste gas remains high in temperature. With the flame- 
generated high-temperature region being expanded downstream, the halogen waste gas 
can fully be destroyed. 

While the low-NOx combustion is being achieved, all the waste gas A is 

25 sufficiently mixed with the primary auxiliary combustible gas Bl, the secondary auxiliary 
combustible gas B2, and the air C due to the swirling air flow, and then produces 
downstream elongate flames. The waste gas A is fully exposed to the flames and 
progressively destroyed by way of combustion with a high efficiency of destruction. 
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Inasmuch as the primary and secondary auxiliary combustible gases Bl, B2 
which are the fuel gas and the air C are mixed with each other in the flame stabilizing 
zone, the auxiliary combustible gases are not ignited in the first and second auxiliary 
combustible gas chambers 21a, 21b, making the burner highly safe, even if the cylindrical 
5 body is heated by the flames. In the present embodiment, when the air C is supplied 
circumferentially to the air chamber 22, the air C swirls in the air chamber 22, uniformly 
cooling the air chamber 22 to prevent the cylindrical body from being heated. Similarly, 
when the secondary auxiliary combustible gas B2 is supplied circumferentially to the 
second auxiliary combustible gas chamber 21b, the secondary auxiliary combustible gas 

10 B2 swirls in the second auxiliary combustible gas chamber 21b, uniformly cooling the 
second auxiliary combustible gas chamber 21b. 

FIGS. 10, 11, and 12 show a modification of the second embodiment of the 
present invention. According to this modification, the inside diameter of the cylindrical 
body 12 and the inside diameter of the combustion chamber 1 1 in the second embodiment 

15 are made substantially the same as each other. The conical surface 12a, which 
interconnects the peripheral wall 13 of the cylindrical body 12 and the side surface of the 
combustion chamber 11, is replaced with a cylindrical surface 12b. With this structure, 
the diameter of the swirling flow remains substantially the same to the outlet, maintaining 
a good swirling flow from the flame stabilizing zone to the outlet, so that any stagnant 

20 flow regions are eliminated and the mixing of the waste gas and the swirling flames is 
promoted to increase the efficiency of destruction of the waste gas. In this modification, 
there are two primary auxiliary combustible gas chambers 21a and two primary auxiliary 
combustible gas flame holes 24a, with the primary auxiliary combustible gas flame holes 
24a being positioned adjacent to the four waste gas flame holes 23, i.e., between the 

25 respective pairs of the four waste gas flame holes 23. With this arrangement, the primary 
auxiliary combustible gas Bl is sufficiently mixed with the waste gas A, which is ejected 
from adjacent positions of holes. 

FIGS. 13, 14, and 15 show another modification of the second embodiment of 



16 



the present invention. In this modification, the air chamber 22 defined in the cylindrical 
body 12 extends in the axial direction of the peripheral wall 13 of the cylindrical body 12. 
The air ejection nozzles 25, which provide communication between the air chamber 22 
and the flame stabilizing zone 15, are provided in four at a group in a circumferential 
5 surface. Specifically, the air ejection nozzles 25 are provided in three groups including a 
first group 25a defined in the peripheral wall closely to the plate, a second group 25b 
substantially at the center in the longitudinal direction of the peripheral wall, and a third 
group 25c defined in the peripheral wall at a position close to the combustion chamber. A 
combustion gas outlet 30 is integrally joined to the lower end of the combustion chamber 

10 11. In this modification, the second auxiliary combustible gas flame holes 24b are 
arranged to eject the secondary auxiliary combustible gas slightly downward. 

In the present modification, the air ejected from the air chamber 22 into the flame 
stabilizing zone 15 is divided into three groups spaced along the axial direction of the 
peripheral wall 13. This action is the same as with the modification shown in FIGS. 5 and 

15 6. 

In the above modifications, the burner may have a single auxiliary combustible 
gas flame hole 24 or a single first auxiliary combustible gas flame hole 24a, which may be 
disposed between either pair of waste gas flame holes 23. 

Alternatively, the burner may have a single waste gas flame hole 23 and a single 
20 auxiliary combustible gas flame hole 24 or a single first auxiliary combustible gas flame 
hole 24a, which may be positioned on a circular shape pattern substantially around the 
center of the flame stabilizing zone. 

Further alternatively, the burner may have a single waste gas flame hole 23 and 
two auxiliary combustible gas flame holes 24 or two first auxiliary combustible gas flame 
25 holes 24a, which may be positioned on a circular shape pattern substantially around the 
center of the flame stabilizing zone. 

The second auxiliary combustible gas flame holes 24b may be arranged to 
accelerate the swirling flow substantially tangentially to the inner circumferential surface 
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of the flame stabilizing zone. Alternatively, this design may be combined with the 
configuration shown in FIGS. 13, 14, and 15 for ejecting the secondary auxiliary 
combustible gas slightly downstream substantially tangentially to the inner 
circumferential surface of the flame stabilizing zone. 
5 A second aspect of the present invention will be described below with reference 

to FIGS. 16 through 24. 

FIGS. 16, 17, and 18 show a third embodiment of the present invention. A first 
combustion chamber 11a surrounded by a first furnace wall 10a is confronted by a first 
flame stabilizing zone 15a, which is surrounded by a peripheral wall 13a defined by an 

10 inner circumferential surface of a first cylindrical body 12a and closed by a plate 14. The 
first cylindrical body 12a is integrally formed with the plate 14. 

In the plate 14, there are defined a plurality of (four as shown) waste gas 
chambers 20 for holding and guiding a waste gas A to be treated which is mainly 
composed of nitrogen and contains a deposition gas containing Sift* and a halogen-base 

15 gas emitted from a semiconductor fabrication facility, for example, and a plurality of (four 
as shown) first auxiliary combustible gas chambers 21a for holding and guiding a primary 
auxiliary combustible gas Bl, which is a fuel gas such as hydrogen, a town gas, LPG, etc. 
An air chamber 22 for holding and guiding air C is defined in the first cylindrical body 
12a, which extends from the plate 14. The peripheral wall 13a of the first cylindrical 

20 body 12a has an inside diameter which is substantially the same as the inside diameter of 
a peripheral wall 10a of the first combustion chamber 11a, and is joined to the peripheral 
wall 10a. A second flame stabilizing zone 15b surrounded by a second peripheral wall 
13b which is defined by an inner circumferential surface of a second cylindrical body 12b 
is disposed axially downstream of the first combustion chamber 11a. 

25 The second cylindrical body 12b has a second auxiliary combustible gas chamber 

21b defined therein for holding and guiding a secondary auxiliary combustible gas B2, 
which is a fuel gas. The peripheral wall 13b of the second cylindrical body 12b has an 
inside diameter which is substantially the same as the inside diameter of the peripheral 
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wall 10a of the first combustion chamber 11a. 

The peripheral wall of the second cylindrical body 12b extends axially 
downstream and is joined to a peripheral wall 10b of a second combustion chamber 1 lb 
which has an inside diameter that is substantially the same as the inside diameter of the 
5 peripheral wall of the second cylindrical body 12b. A combustion gas outlet 30 is 
integrally joined to the lower end of the combustion chamber 1 lb. 

The plate 14 has, defined in a lower surface thereof, a plurality of (four as 
shown) waste gas flame holes 23 extending from the waste gas chambers 20 and opening 
toward the first flame stabilizing zone 15a, the waste gas flame holes 23 being smaller in 

10 diameter than the flame stabilizing zone 15a, and a plurality of (four as shown) first 
auxiliary combustible gas flame holes 24 providing communication between the first 
auxiliary combustible gas chambers 21a and the flame stabilizing zone 15a, the waste gas 
flame holes 23 and the first auxiliary combustible gas flame holes 24 being arranged in a 
doughnut-shaped pattern. The doughnut-shaped pattern means that the first auxiliary 

15 combustible gas flame holes 24 are disposed adjacent to the waste gas flame holes 23 in a 
substantially annular shape substantially around the center of the plate that defines the 
flame stabilizing zone. In the present embodiment, the waste gas flame holes 23 and the 
first auxiliary combustible gas flame holes 24 are positioned alternately with each other, 
and the annular shape is in same position with a free vortex region where a swirling air 

20 flow has a high speed, as described later on. 

The inner peripheral wall 13 of the first cylindrical body 12a has a plurality of 
(four as shown) air ejection nozzles 25 positioned away from the plate and close to the 
first combustion chamber 11a and providing communication between the air chamber 22 
and the flame stabilizing zone 15. The peripheral wall 13b of the second auxiliary 

25 combustible gas chamber 21b has a plurality of (four as shown) second auxiliary 
combustible gas flame holes 26 providing communication between the second flame 
stabilizing zone 15b and the second auxiliary combustible gas chamber 21b. The air 
ejection nozzles 25 extend substantially tangentially to the circumferential surface of the 
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first flame stabilizing zone 15a for producing and ejecting a swirling flow of air C 
substantially circumferentially toward the first flame stabilizing zone 15a. The second 
auxiliary combustible gas flame holes 26 are arranged to eject a secondary auxiliary 
combustible gas B2 toward the center of the second flame stabilizing zone 15b. 
5 Operation of the present embodiment will be described below. 

The air C is guided into and held by the air chamber 22, and ejected substantially 
circumferentially as a strong swirling flow from the air ejection nozzles 25 defined in the 
inner circumferential surface of the first cylindrical body 12a into the first flame 
stabilizing zone 15a. The e waste gas A is guided into and held by the waste gas 

10 chambers 20, and ejected from the waste gas flame holes 23 defined in the lower surface 
of the plate 14 into the first flame stabilizing zone 15a. The primary auxiliary 
combustible gas Bl is guided into and held by the first auxiliary combustible gas 
chambers 21a, and ejected from the first auxiliary combustible gas flame holes 24 defined 
in the lower surface of the plate 14 into the first flame stabilizing zone 15a. The waste 

15 gas A and the primary auxiliary combustible gas Bl which are ejected, are mixed with the 
swirling air flow. When ignited by an ignition source, not shown, the mixed gases 
produce swirling flames, which are primary flames, along the inner circumferential 
surface of the first cylindrical body 12a. The flow rate of the air C is greater than a 
theoretical equivalent to the flow rate of the primary auxiliary combustible gas Bl, so that 

20 the produced primary flames are fuel-lean combustion flames characterized by the lean 
fuel. 

The air ejected substantially circumferentially from the peripheral wall produces 
a strong swirling flow. The swirling flow has a vortex center swirling together with the 
swirling flow and a doughnut-shape free vortex region around the vortex center with the 
25 flow speed being lower toward the outer edge of the doughnut-shape free vortex. Since 
the flame holes for the waste gas A and the primary auxiliary combustible gas Bl are 
defined in the lower surface of the plate 14 in an annular shape on same position with a 
free vortex region, the waste gas A and the primary auxiliary combustible gas Bl are 
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ejected into the free vortex region and engulfed by the swirling air flow. These gases are 
sheared due to changes in the speed of the swirling air flow, and sufficiently mixed with 
the air C. The mixture of the waste gas A, the primary auxiliary combustible gas Bl, and 
the air C produces swirling fuel-lean flames and causes a primary combustion. The 
5 flames produced in the first flame stabilizing zone 15a complete the combustion in the 
first combustion chamber 11a positioned downstream thereof. Although the primary 
auxiliary combustible gas Bl and the air C are separately blown into the first flame 
stabilizing zone 15a, since the waste gas is combusted after it is mixed with the primary 
auxiliary combustible gas and the air, pre-mixed flames are produced. 

10 Pre-mixed flames can be achieved when the waste gas A and the primary 

auxiliary combustible gas Bl are ejected from positions on the doughnut-shape pattern on 
the plate into the free vortex region where the swirling air flow has a high speed and is 
subject to large speed changes, and are mixed with the air C, as is the case with the 
present invention. The swirling flow serves to hold the flames, allowing the combustion 

15 to be maintained without the danger of extinguishing the flames even though the flames 
are fiiel-lean. Generally, pre-mixed fuel-lean flames have a low combustion temperature 
and cause a combustion where the generated amount of NOx is low. Since pre-mixed 
flames produced in the first flame stabilizing zone 15a are fiiel-lean flames, they have a 
low combustion temperature and contains a low amount of NOx. The S1H4 gas contained 

20 in the waste gas A is destroyed by way of oxidization by the produced fuel-lean flames, 
producing a powder of SiC>2. Since the primary fiiel-lean flames start being produced 
from a position spaced from the plate and the combustion is completed in the first 
combustion chamber 1 la, the Sift* gas contained in the waste gas starts to be destroyed by 
way of oxidization from a position spaced from the plate, and converted in its entirety into 

25 the powder of Si0 2 in the first combustion chamber 11a. If the powder of Si0 2 is exposed 
to a high temperature, it becomes a glassy substance and tends to adhere to the peripheral 
wall 10a. However, the powder of Si0 2 remains as a powder in the present embodiment 
because the fiiel-lean flames have a low temperature. 
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In addition, the first flame stabilizing zone 15a and the first combustion chamber 
11a are of substantially the same diameter, providing no stagnant regions in the flames 
and combustion exhaust gas flow. Because the speed of the axial downstream flow of the 
combustion exhaust gas is selected to blow away the powder of Si0 2 , the produced 
5 powder of SiC>2 is blown downstream by the flow of the combustion exhaust gas without 
being attached to the wall surfaces. As StiU is destroyed by way of oxidization in a 
region spaced from the plate 14, the produced powder of Si0 2 is prevented from being 
attached to and deposited on the surfaces surrounding the waste gas flame holes 23 and 
the first auxiliary combustible gas flame holes 24. 

10 The primary combustion exhaust gas discharged after the combustion based on 

the primary flames in the first combustion chamber 11a is completed enters the second 
flame stabilizing zone 15b. The secondary auxiliary combustible gas B2 is ejected from 
the second auxiliary combustible gas flame holes 26 toward the center of the second flame 
stabilizing zone 15b. The ejected secondary auxiliary combustible gas B2 is mixed with 

15 the primary combustion exhaust gas, causing a secondary combustion with oxygen 
remaining in the primary combustion exhaust gas. Flames produced in the second flame 
stabilizing zone 15b complete the combustion within the second combustion chamber lib 
positioned downstream of the second flame stabilizing zone 15b. Since the concentration 
of the oxygen remaining in the primary combustion exhaust gas is much lower than the 

20 concentration of oxygen contained in the air, a low-oxygen-concentration combustion 
takes place in the secondary combustion. In the low-oxygen-concentration combustion, 
NOx is produced in a small quantity, causing a low-NOx combustion. The low-NOx 
combustion is effective to further increase the temperature of the primary combustion 
exhaust gas. A high temperature is required to thermally destroy a halogen-base gas. In 

25 the present embodiment, the halogen-base gas can be thermally destroyed by produced 
higher-temperature flames in the secondary combustion. 

As described above, all the waste gas A is sufficiently mixed with the primary 
auxiliary combustible gas Bl and the air G by the swirling air flow in the first flame 
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stabilizing zone 15a, producing primary fuel-lean flames, and the fuel-lean swirling 
flames extending into first combustion chamber decompose the deposition gas of SiH* 
while suppressing the generation of NOx, and simultaneously blow away the produced 
powder of Si02. In the second combustion chamber, a high-temperature combustion is 
5 caused with low oxygen, thermally destructing the halogen-base gas in a low-NOx 
combustion. 

Inasmuch as the primary and secondary auxiliary combustible gases Bl, B2 
which are the fuel gas and the air C are mixed with each other in the first and second 
flame stabilizing zones, the primary and secondary auxiliary combustible gases are not 

10 ignited in the first and second auxiliary combustible gas chambers 21a, 21b, making the 
burner highly safe, even if the first and second cylindrical bodies are heated by the flames. 
In the present embodiment, when the air C is supplied circumferentially to the air 
chamber 22, the air C swirls in the air chamber 22, uniformly cooling the air chamber 22 
to prevent the cylindrical body from being heated. Similarly, when the secondary 

15 auxiliary combustible gas B2 is supplied circumferentially to the second auxiliary 
combustible gas chamber 21b, the secondary auxiliary combustible gas B2 swirls in the 
second auxiliary combustible gas chamber 21b, uniformly cooling the second auxiliary 
combustible gas chamber 21b. 

In the third embodiment, the first cylindrical body 12a and the second cylindrical 

20 body 12b, i.e., the first combustion chamber 11a and the second combustion chamber lib, 
have substantially the same diameter as each other. With this arrangement, the diameter 
of the swirling flow remains substantially the same to the outlet, eliminating any stagnant 
flow regions from the flame stabilizing zones to the outlet thereby to prevent the powder 
of Si0 2 , which is generated when the deposition gas of SilL* is decomposed from being 

25 attached to the wall surfaces. 

In the present embodiment, the burner has four air ejection nozzles 25 defined in 
the circumferential surface. However, the burner may have more than or less than four air 
ejection nozzles 25. Similarly, while the burner is shown as having four second auxiliary 
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combustible gas flame holes 26 defined in the circumferential surface, the burner may 
have more than or less than four second auxiliary combustible gas flame holes 26. 

FIGS. 19, 20, and 21 show a fourth embodiment of the present invention. The 
air chamber 22 defined in the first cylindrical body 12a extends in the axial direction of 
5 the peripheral wall 13a of the first cylindrical body 12a. The air ejection nozzles 25 
which provide communication between the air chamber 22 and the first flame stabilizing 
zone 15a are provided in four at a group in a circumferential surface. Specifically, the air 
ejection nozzles 25 are provided in three groups including a first group 25a defined in the 
peripheral wall closely to the plate, a second group 25b defined in the peripheral wall, and 

10 a third group 25c defined in the peripheral wall at a position facing the combustion 
chamber. As with the third embodiment, the first group of air ejection nozzles 25 is 
spaced from the plate 14 of the first cylindrical body 12a. 

Operation of the present embodiment will be described below. 

The air ejected from the air chamber 22 into the first flame stabilizing zone 15a 

15 is divided into three groups spaced along the axial direction of the peripheral wall 13 a. 
Usually, the total amount of supplied air is several or several tens times the amount of 
auxiliary combustible gas. When the air is divided into three stages along the axial 
direction and supplied to the first flame stabilizing zone 15a, the amount of air ejected 
from each of the groups is smaller than when the air is not divided. The amount of air 

20 ejected from the air ejection nozzles 25a in the first group is not large enough to combust 
all the fuel gas, producing fuel-rich flames in the flame stabilizing zone. When air is 
supplied from the second and third groups of air ejection nozzles 25b, 25c, the sufficient 
amount of air is supplied to the fuel gas, producing fuel-lean flames. When the air is thus 
supplied stepwise, the combustion occurs slowly to prevent local high-temperature 

25 regions from being produced and to lower and uniformize the flame temperature in a wide 
range, making the produced primary fuel-lean swirling flames elongate downstream. As a 
result, a low-NOx combustion is achieved, and Stfi* is destroyed by way of oxidization 
slowly in a wide region. At the same time, since a powder of Si0 2 is generated slowly, 
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the removal of the powder of Si0 2 from the wall surfaces with the flame and the 
combustion gas flow is further promoted. 

In the present embodiment, the air ejection nozzles 25 are divided in three groups 
along the axial direction of the flame stabilizing zone. However, the air ejection nozzles 
5 25 may be divided in two groups or four or more groups. 

Not all the air ejection nozzles in the groups may eject the air to produce a 
swirling flow toward the flame stabilizing zone. The air ejection nozzles in the third 
group, for example, may eject air simply downstream, rather than tangentially to the 
circumferential surface, or may eject air toward the center of the flame stabilizing zone to 
10 cause turbulences with the waste gas and to be mixed with the waste gas. 

In the present embodiment, the burner has two first auxiliary combustible gas 
chambers 21a and two auxiliary combustible gas flame holes 24, with the auxiliary 
combustible gas flame holes 24 being disposed between respective pairs of waste gas 
flame holes 23. With this arrangement, the primary auxiliary combustible gas Bl is 
15 ejected adjacent to the waste gas A and the mixing of the primary auxiliary combustible 
gas Bl with the waste gas A is promoted. 

FIG. 22 shows a fifth embodiment of the present invention. The second auxiliary 
combustible gas chamber 21b extends in the axial direction of the second cylindrical body 
21b. The second auxiliary combustible gas flame holes 26 providing communication 
20 between the second auxiliary combustible gas chamber 21b and the second flame 
stabilizing zone 15b are provided in four at a group in a circumferential surface. 
Specifically, the second auxiliary combustible gas flame holes 26 are provided in four 
groups including a first group 26a defined in the peripheral wall in an upstream position, a 
second group 26b substantially at the center in the longitudinal direction of the peripheral 
25 wall, and a third group 26c defined in the peripheral wall at a position close to the 
combustion chamber. 

Operation of the present embodiment will be described below. 

The secondary auxiliary combustible gas B2 ejected from the second auxiliary 
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combustible gas chamber 21b toward the second flame stabilizing zone 15b is divided 
into three groups spaced along the axial direction of the peripheral wall 13b. When the 
secondary auxiliary combustible gas B2 is divided into three stages along the axial 
direction and supplied to the second flame stabilizing zone 15b, the amount of secondary 
5 auxiliary combustible gas B2 ejected from each of the flame holes is smaller than when 
the secondary auxiliary combustible gas B2 is not divided, producing small flames in 
front of the flame holes. The secondary auxiliary combustible gas B2 is supplied stepwise 
from the second auxiliary combustible gas flame holes 26b, 26c in the second and third 
groups, producing low-oxygen flames that are smaller stepwise downstream. Therefore, a 

10 high-temperature flame zone is produced in a wide range over the second flame 
stabilizing zone 15b and the second combustion chamber lib. In this manner, a high- 
temperature zone required to destroy the halogen-base gas is developed in a wide region, 
increasing a high-temperature remaining time required to destroy the halogen-base gas for 
thereby destructing the halogen-base gas with a high efficiency. 

15 In the present embodiment, the second auxiliary combustible gas flame holes 26 

are divided in three groups along the axial direction of the flame stabilizing zone. 
However, the second auxiliary combustible gas flame holes 26 may be provided in two 
groups or four or more groups. 

The second auxiliary combustible gas flame holes 26, 26a, 26b, 26c may not 

20 eject the secondary auxiliary combustible gas toward the center of the flame stabilizing 
zone, but may eject the secondary auxiliary combustible gas slightly downstream. 
Alternatively, the second auxiliary combustible gas flame holes 26, 26a, 26b, 26c may 
eject the secondary auxiliary combustible gas to accelerate the swirling flow substantially 
tangentially to the flame stabilizing zone, as with the air ejection holes 25. Further 

25 alternatively, these optional arrangements may be combined with each other to eject the 
secondary auxiliary combustible gas. 

In the above embodiments, the burner may have a single first auxiliary 
combustible gas flame hole 24, which may be disposed between either pair of waste gas 
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flame holes 23. The burner may have two or three waste gas flame holes 23 rather than 
four waste gas flame holes 23. The burner may have a single waste gas flame hole 23 and 
a single first auxiliary combustible gas flame hole 24, which may be positioned on a 
circular pattern substantially around the center of the first flame stabilizing zone. Further 
5 alternatively, the burner may have a single waste gas flame hole 23 and plural first 
auxiliary combustible gas flame holes 24, which may be positioned on a circular shape 
pattern substantially around the center of the first flame stabilizing zone. 

FIG. 23 shows a sixth embodiment of the present invention. The first flame 
stabilizing zone 15a and the first combustion chamber 11a are positioned successively 

10 downstream, the first combustion chamber 1 la having a lower portion bent into a U shape 
with an extension from which the second flame stabilizing zone 15b, the second 
combustion chamber lib, and a combustion exhaust gas outlet 30a are successively 
arranged upwardly. A draw off pipe 30b for carrying away a powder of Si0 2 is connected 
to the bottom of the U-shaped first combustion chamber. With this construction, the 

15 powder of Si0 2 which is produced in the first combustion chamber is separated from the 
exhaust gas in the U-shaped first combustion chamber, and drawn out of the combustion 
chamber through the draw off pipe 30b without passage through the second flame 
stabilizing zone 15b and the second combustion chamber lib. Consequently, the powder 
of Si0 2 is not deposited in the combustion chamber, but can be treated with increased 

20 efficiency. 

FIG. 24 shows a seventh embodiment of the present invention. The first 
combustion chamber 11a has a lower portion bent into an L shape with an extension from 
which the second flame stabilizing zone 15b, the second combustion chamber lib, and 
the combustion exhaust gas outlet 30a are successively arranged horizontally. The draw 
25 pipe 30b for carrying away a powder of SiC^ is connected to the bottom of the L-shaped 
first combustion chamber 11a. With this construction, the powder of Si0 2 which is 
produced in the first combustion chamber is separated from the exhaust gas in the re- 
shaped first combustion chamber, providing the same advantages as with the sixth 
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embodiment. 

A third aspect of the present invention will be described below with reference to 
FIGS. 25 through 27. 

FIG. 25 shows an eighth embodiment of the present invention. According to the 
5 eighth embodiment, a pipe or hole for directly viewing combustion flames is provided in 
the flame stabilizing zone or the combustion chamber upstream of the combustion flames, 
and a UV sensor for detecting the combustion flames through the pipe or hole is provided. 
In the illustrated embodiment, the UV sensor is combined with the combustion-type waste 
gas treatment system shown in FIG. 1. However, the UV sensor may be combined with 
10 the combustion-type waste gas treatment system according to each of the above 
embodiments. 

The combustion-type waste gas treatment system has a flame direct- vision pipe 
31 for directly viewing combustion flames produced when the waste gas A, the auxiliary 
combustible gas B, and the air C are mixed and combusted, thereby to confirm whether 

15 combustion flames are present or not. As shown in FIG. 25, the flame direct- vision pipe 
31 is positioned upstream of combustion flames, and an UV sensor 33 for detecting 
combustion flames is connected through an optical fiber 32 to an end of the flame direct- 
vision pipe 31 remote from the combustion chamber. The UV sensor 33 may 
alternatively be connected directly to the flame direct- vision pipe 31. 

20 Since the flame direct- vision pipe 31 is positioned upstream of combustion 

flames, rather than downstream of combustion flames, by-products such as dust generated 
when the exhaust gas is treated are prevented from clogging the light entrance port of the 
flame direct-vision pipe 31, preventing the UV sensor 33 from failing to detect 
combustion flames. Since combustion flames are directly viewed through the flame 

25 direct- vision pipe 31, even when by-products having a UV absorbing capability are 
deposited in the reaction region (mainly in the combustion chamber 11), they do not 
obstruct the introduction of light, but the UV sensor 33 can detect combustion flames. 
Because the flame direct- vision pipe 31 is positioned in a wall upstream of combustion 
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flames where the temperature is relatively low, the light entrance port is not melted or 
corroded and closed at high temperatures. A quartz glass panel for passing ultraviolet 
radiation therethrough is disposed in the junction between the flame direct- vision pipe 31 
and the UV sensor 33, and a seal member is interposed between the quartz glass panel and 
5 the junction, thus blocking the UV sensor 33 from the atmosphere in the combustion 
chamber 11. A purge gas inlet pipe 35 is connected to the flame direct- vision pipe 31 for 
introducing a purge gas (PG: e.g., air) into the flame direct- vision pipe 31. 

Inasmuch as the quartz glass panel is disposed in the junction between the flame 
direct- vision pipe 31 and the UV sensor 33, and the purge gas (PG) is introduced into the 

10 flame direct- vision pipe 31, the light entrance port of the flame direct- vision pipe 31 is 
prevented from being clogged with by-products. The quartz glass panel is thick enough to 
withstand the internal pressure of the combustion chamber 11. The seal member 
comprises a heat-resistant gasket. Light emitted from combustion flames in the flame 
direct-vision pipe 31 is transmitted to the UV sensor 33 by the optical fiber 32. 

15 Since the light emitted from combustion flames in the flame direct- vision pipe 

31 is transmitted to the UV sensor 33 by the optical fiber 32, the UV sensor 33 may be 
installed in a location free of space availability problems and heat resistance problems 
even though the UV sensor 33 cannot be placed at the end of the flame direct- vision pipe 
31 remote from the combustion chamber due to such space availability problems and heat 

20 resistance problems. For details of the layout of the flame direct- vision pipe and the UV 
sensor, reference should be made to Japanese patent application No. 2000-294632. 

FIG. 26 shows a ninth embodiment of the present invention. According to the 
ninth embodiment, a mixer outside of an auxiliary combustible agent supply unit is 
supplied with an oxygen-containing gas from an oxygen-containing gas supply line and a 

25 fuel gas from a fuel gas supply line, and mixes and supplies the gases to a combustion 
chamber, in which the supplied gases are combusted to produce combustion flames. 

In the combustion-type waste gas treatment system, oxygen supplied from an 
oxygen gas supply line 40 and a fuel gas (e.g., propane gas) supplied from a fuel gas 
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supply line 41 are mixed with each other by a mixer 42, and the mixed gas is supplied 
from the mixer 42 through a mixed gas pipe 43 to the auxiliary combustible gas chambers 
21 of the waste gas treatment system. The mixed gas is then ejected from the auxiliary 
combustible gas chambers 21 through the auxiliary combustible gas ejection holes 24 into 
5 the flame stabilizing zone 15. 

As described above, the mixer is positioned outside of the combustion chamber, 
and is supplied with the oxygen-containing gas and the fuel gas, and mixes and supplies 
the gases to the combustion chamber. It is easy to adjust the mixing ratio of the oxygen- 
containing gas and the fuel gas in the mixer, allowing the waste gas to be combusted 

10 efficiently, preventing the mixed gas from being ignited abnormally and suffering 
backfiring when it is ignited and extinguished. For details of the mixer, reference should 
be made to Japanese patent application No. 2000-302410. 

FIG. 27 shows a tenth embodiment of the present invention. According to the 
tenth embodiment, the waste gas chamber houses therein a flow speed accelerating means 

15 for increasing the flow speed of a combustible waste gas flowing through the waste gas 
chamber to a level equal to or higher than the combustion velocity of the combustible 
waste gas. 

The flow speed accelerating means has a slender pipe having a small pipe 
diameter or an orifice 51 disposed in the waste gas chamber, and the inside diameter of 

20 the slender pipe or the orifice is selected such that the flow speed of the combustible 
waste gas passing through the slender pipe or the orifice is equal to or higher than the 
combustion velocity of the combustible waste gas. The flow speed accelerating means is 
disposed in a coupling mechanism, which couples a flange 52 on the inlet of the waste gas 
chamber and a flange 53 on the end of a waste gas supply pipe, which supplies the waste 

25 gas to the inlet. The coupling mechanism comprises a clamp member 54, which tightens 
the outer circumferential edges of the flanges with a plate member having the orifice 
defined centrally therein and interposed between the flanges. The inside diameter of the 
orifice is preferably selected such that the flow speed of the combustible waste gas 
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passing through the orifice is equal to or higher than the combustion velocity of the 
combustible waste gas. 

The slender pipe 51 is disposed at the tip end of the waste gas chamber to 
increase the flow speed of the waste gas A for the purpose of preventing backfire into the 
5 waste gas chambers 20. The inside diameter d of the slender pipe 51 is selected such that 
the flow speed of the waste gas A flowing through the slender pipe 51 is equal to or 
higher than the combustion velocity of the waste gas A. Specifically, on the assumption 
that a hydrogen (H 2 ) gas whose combustion velocity is highest under the same conditions 
flows in, the inside diameter d of the slender pipe 51 is selected such that the flow speed 
10 is higher than the combustion velocity, ranging from 2.5 to 2.8 m/s, of the hydrogen gas in 
the air. For details of the flow speed accelerating means, reference should be made to 
Japanese patent application No. 2000-302410. 

In the above embodiments, the burner is preferably made of a material such as 
ceramics or a heat-resistant metal material. The auxiliary combustible agent is not limited 
15 to a gas fuel such as hydrogen, town gas, or LPG, but may be a gas fuel or a liquid fuel 
containing oxygen at a concentration lower than the lower explosion concentration limit. 

The flame stabilizing zone may not necessarily be of a cylindrical shape, but may 
be of a polygonal shape such as a rectangular shape. The air ejected from the air ejection 
nozzles may be high-oxygen-concentration air having an oxygen concentration higher 
20 than 21%. 

As described above, the first aspect of the present invention offers the following 
advantages: Since the waste gas, the auxiliary combustible agent, and the air are 
sufficiently mixed with each other and then combusted, producing elongate flames, in the 
combustion chamber, the waste gas can be combusted and destroyed with a high 
25 efficiency. Pre-mixed flames are produced to achieve a low-NOx combustion. If the air 
ejection nozzles are divided in a plurality of groups along the axial direction of the flame 
stabilizing zone, then combustion flames are further elongated for achieving a lower-NOx 
combustion and increasing the efficiency with which to destroy the halogen-base waste 
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gas. 

The second aspect of the present invention offers the following advantages: The 
air, the auxiliary combustible gas, and the waste gas which is to be treated are sufficiently 
mixed with each other and combusted to produce primary pre-mixed fuel-lean flames. 
5 Then, the auxiliary combustible, gas is ejected from the second flame stabilizing zone to 
produce secondary high-temperature, low-oxygen flames. Thus, while a low-NOx 
combustion is being achieved, the deposition gas containing SiH* and the halogen-base 
gas can simultaneously be destroyed with a high efficiency. 

If the air ejection nozzles are divided in a plurality of groups along the axial 
10 direction of the flame stabilizing zone, then the deposition gas containing SiH* can be 
destroyed slowly in a wide range. Since a powder of Si0 2 is also produced slowly, the 
removal of the powder of Si0 2 with the flow of the combustion gas is further increased. 

If the auxiliary combustible gas flame holes in the second flame stabilizing zone 
are divided in a plurality of groups along the axial direction of the flame stabilizing zone, 
15 then a high-temperature region required to decompose the halogen-base gas can be 
developed in a wide region. Thus, the halogen-base gas can be destroyed with a high 
efficiency. 

The third aspect of the present invention offers the following advantages: The 
pipe (hole) for directly viewing combustion flames is provided upstream of the 

20 combustion flames, and the UV sensor is connected to the pipe (hole) for monitoring the 
combustion flames stably at all times. The mixer for mixing the oxygen-containing gas 
and the fuel gas with each other is disposed outside of the combustion chamber. The 
mixer allows the mixing ratio of the fuel gas to be adjusted with ease, making it possible 
to combust the fuel gas efficiently. 

25 The flow speed accelerating means for increasing the flow speed of the waste gas 

to a level equal to or higher than the combustion velocity of the waste gas is effective to 
prevent backfire from occurring. 

The burner for treating the waste gas according to the present invention mixes 
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the auxiliary combustible gas and the air with each other in the flame stabilizing zone. 
Therefore, the auxiliary combustible gas is not ignited in the auxiliary combustible gas 
chamber even if the cylindrical body is heated by the flames. Therefore, the burner is 
highly safe in operation. As the air ejected from the air ejection holes produces a swirling 
5 flow in the flame stabilizing zone, it cools the surface of the peripheral wall of the 
cylindrical body to increase the heat-resistant service life thereof. 

Industrial Applicability 

The present invention is useful in combusting and treating harmful waste gases 
10 such as a deposition gas containing SiH* and a halogen-base gas (CHF 4 , C 2 F6, CF 4 , etc.), 
which are emitted from semiconductor manufacturing system. 
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